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Although both reactive PEG derivatives and conjugates formed using the derivatives 
are known in the art, until the present invention, it was not recognized that a conjugate could 
be formed between PEG (or other polymer) and another species, such as a peptide or 
glycopeptide, through an intact glycosyl linking group. 

5 Many water-soluble polymers are known to those of skill in the art and are useful in 

practicing the present invention. The term water-soluble polymer encompasses species such 
as saccharides (e.g., dextran, amylose, hyaluronic acid, poly(sialic acid), heparans, heparins, 
etc.); poly (amino acids), e.g., poly(glutamic acid); nucleic acids; synthetic polymers (e.g., 
poly(acrylic acid), poly(ethers), e.g., polyethylene glycol); peptides, proteins, and the like. 

1 0 The present invention may be practiced with any water-soluble polymer with the sole 

limitation that the polymer must include a point at which the remainder of the conjugate can 
be attached. 

Methods for activation of polymers can also be found in WO 94/17039, U.S. Pat. No. 
5,324,844, WO 94/18247, WO 94/04193, U.S. Pat. No. 5,219,564, U.S. Pat. No. 5,122,614, 
15 WO 90/13540, U.S. Pat. No. 5,281,698, and more WO 93/15189, and for conjugation 
between activated polymers and peptides, e.g. Coagulation Factor VIII (WO 94/15625), 
hemoglobin (WO 94/09027), oxygen carrying molecule (U.S. Pat. No. 4,412,989), 
ribonuclease and superoxide dismutase (Veronese at al } App. Biochem. Biotech. 11: 141-45 
(1985)). 

20 Preferred water-soluble polymers are those in which a substantial proportion of the 

polymer molecules in a sample of the polymer are of approximately the same molecular 
weight; such polymers are "homodisperse." 

The present invention is further illustrated by reference to a polyethylene glycol) 
conjugate. Several reviews and monographs on the functionalization and conjugation of PEG 

25 are available. See, for example, Harris, Macronol Chem. Phys. C25: 325-373 (1985); 

Scouten, Methods in Enzymology 135: 30-65 (1987); Wong et al, Enzyme Microb. Technol 
14: 866-874 (1992); Delgado et al 9 Critical Reviews in Therapeutic Drug Carrier Systems 9: 
249-304 (1992); Zalipsky, Bioconjugate Chem. 6: 150-165 (1995); and Bhadra, et al, 
Pharmazie, 57:5-29 (2002). 

30 Poly(ethylene glycol) molecules suitable for use in the invention include, but are not 

limited to, those described by the following Formula 3: 
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PEGylated galactose and a galactosyltransferase. In Figure 40V, TNK TPA is expressed in 
yeast. The polypeptide is first treated with endoglycanase to trim back its glycosyl chains 
and then PEGylated using a galactose donor derivatized with PEG and a 
galactosyltransferase. In Figure 40W, TNK TPA is produced in a mammalian system. The 

5 polypeptide is first contacted with ST3Gal3 and a donor of sialic acid that is derivatized with 
a reactive galactose via a linker, so that the polypeptide is attached to the reactive galactose 
via the linker and sialic acid residue. The polypeptide is then contacted with a 
galactosyltransferase and anti-TNF IG chimera produced in CHO, and thus becomes 
connected with the chimera via the galactose residue. 

1 0 In another exemplary embodiment, the invention provides methods for modifying 

Interleukin-2 (IL-2). Figures 41 A to 41 G provide some examples. Figure 41B provides a 
two-step modification scheme: IL-2 produced by mammalian cells is first treated with 
sialidase to trim back its terminal sialic acid residues, and is then PEGylated using ST3Gal3 
and a donor of PEGylated sialic acid. In Figure 41 C, insect cell expressed IL-2 is modified 

1 5 first by galactosylation using a galactose donor and a galactosyltransferase. Subsequently, 
IL-2 is PEGylated using ST3Gal3 and a donor of PEGylated sialic acid. In Figure 41D, EL-2 
expressed in bacteria is modified with N-acetyigalactosamine using a proper donor and N- 
acetylgalactosamine transferase, followed by a step of PEGylation with a PEG-sialic acid 
donor and a sialyltransferase. Figure 41E offers another scheme of modifying IL-2 produced 

20 by a mammalian system. The polypeptide is modified by capping appropriate terminal 

residues with a sialic acid donor that is modified with levulinic acid, adding a reactive ketone 
to the sialic acid donor. After addition to a glycosyl residue of the peptide, the ketone is 
derivatized with a moiety such as a hydrazine- or amine- PEG. Figure 41F illustrates an 
example of remodeling IL-2 expressed by E. coll The polypeptide is PEGylated using a 

25 reactive N-acetylgalactosamine complex derivatized with a PEG group and an enzyme that is 
modified so that it functions as a synthetic enzyme rather than a hydrolytic one. In Figure 
41 G, IL-2 expressed by bacteria is modified by addition of PEGylated N-acetylgalactosamine 
using a proper donor and N-acetylgalactosamine transferase. 

In another exemplary embodiment, the invention provides methods for modifying 

30 Factor VIII, as shown in Figures 42A to 42N. In Figure 42B, Factor VIII expressed in 

mammalian cells is first treated with sialidase to trim back the sialic acid residues, and is then 
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PEGylated using ST3Gal3 and a donor of PEG-sialic acid. In Figure 42C, Factor VIII 
expressed in mammalian cells is first treated with sialidase to trim back the sialic acid 
residues, then PEGylated using ST3Gal3 and a proper donor, and is then further sialylated 
using ST3Gall and a sialic acid donor. 

5 In Figure 42E, mammalian cell produced Factor VIII is modified by the single step of 

PEGylation, using ST3Gal3 and a donor of PEGylated sialic acid. Figure 42F offers another 
example of modification of Factor VIII that is expressed by mammalian cells. The protein is 
PEGylated using ST3Gall and a donor of PEGylated sialic acid. In Figure 42G, mammalian 
cell expressed Factor VIE is remodeled following another scheme: it is PEGylated using a 

10 2,8-sialyltransferase and a donor of PEG-sialic acid. In Figure 42 1, Factor VIII produce by 
mammalian cells is modified by capping appropriate terminal residues with a sialic acid 
donor that is modified with levulinic acid, adding a reactive ketone to the sialic acid donor. 
After addition to a glycosyl residue of the peptide, the ketone is derivatized with a moiety 
such as a hydrazine- or amine- PEG. In Figure 42 J, Factor VIII expressed by mammalian 

1 5 cells is first treated with Endo-H to trim back glycosyl groups. It is then PEGylated using a 
galactosyltransferase and a donor of PEG-galactose. In Figure 42K, Factor VIII expressed in 
a mammalian system is first sialylated using ST3Gal3 and a sialic acid donor, then treated 
with Endo-H to trim back the glycosyl groups, and then PEGylated with a 
galactosyltransferase and a donor of PEG-galactose. In Figure 42L, Factor VIII expressed in 

20 a mammalian system is first treated with mannosidases to trim back terminal mannosyl 
residues, then has an N-acetylglucosamine group added using a suitable donor and GnT-I 
and/or II, and then is PEGylated using a galactosyltransferase and a donor of PEG-galactose. 
In Figure 42M, Factor VIII expressed in mammalian cells is first treated with mannosidases 
to trim back mannosyl units, then has N-acetylglucosamine group added using N- 

25 acetylglucosamine transferase and a suitable donor. It is further galactosylated using a 

galactosyltransferase and a galactose donor, and then sialylated using ST3Gal3 and a sialic 
acid donor. In Figure 42N, Factor VIII is produced by mammalian cells and modified as 
follows: it is first treated with mannosidases to trim back the terminal mannosyl groups. A 
PEGylated N-acetylglucosamine group is then added using GnT-I and a suitable donor of 

30 PEGylated N-acetylglucosamine. 
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M. Factor VIII 

The invention further encompasses a method for the remodeling and modification of Factor 
VIII. As described earlier for Factor VII and Factor IX, Factor VIII is a critical component of 
the blood coagulation pathway. Human Factor VIII, (antihemophilic factor; FVIILC) is a 
5 human plasma protein consisting of 2 peptides (light chain molecular weight of 80 kDa and 
heavy chain molecular weight variable from 90 to 220 kDa, depending on glycosylation 
state). It is an essential cofactor in the coagulation pathway and is required for the 
conversion of Factor X into its active form (Factor Xa). Factor VIII circulates in plasma as a 
non-covalent complex with von Willibrand Factor (aka FVIIIrRP), a dimer of a 2050 aa 
10 peptide (See, U.S. Patent No. 6,307,032). Blood concentrations of Factor VIII below 20% of 
normal cause a bleeding disorder designated hemophilia A. Factor VIII blood levels less than 
1% result in a severe bleeding disorder, with spontaneous joint bleeding being the most 
common symptom. 

Similar to other blood coagulation factors, Factor VIII is a therapeutic with a great 
1 5 deal of potential for the treatment of various bleeding disorders, such as hemophilia A and 
hemophilia B. Due to the glycosylation of the heavy chain, current methods for the 
preparation of Factor VIII from recombinant cells results in a product that is not as effective 
as natural Factor VIII. Purification methods from human plasma result in a crude 
composition that is less effective and more difficult to prepare than recombinant Factor VIII. 
20 The current invention seeks to improve this situation. 

A remodeled Factor VIII peptide may be administered to a patient selected from the 
group consisting of a patient having von Willebrand's disease, a patient having Hemophilia 
A, a patient having Factor VIILC deficiency, a patient having fibrinogen deficiency, a patient 
having Factor XIII deficiency, and a patient having acquired Factor VIII inhibitors (acquired 
25 hemophilia). A remodeled Factor VIII peptide may also be administered to a patient to 

prevent, treat or control bleeding or hemorrhagic episodes. Preferably, the patient is a human 
patient. 

The nucleic acid and amino acid sequences of Factor VIII are presented herein as 
SEQ ED NO:29 and SEQ ID NO:30, respectively (Figure 72A and 72B, respectively). The 
30 art is rife with variants of Factor VIII, as described in, for example, U.S. Patent No. 

5,668,108, in which the aspartic acid at position 1241 is replaced by a glutamic acid with the 
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accompanying nucleic acid changes as well. U.S. Patent No. 5,149,637 describes a Factor 
VIII variants comprising the C-terminal fraction, either glycosylated or unglycosylated, and 
U.S. Patent No. 5,661,008 describes a Factor VIII variant comprising amino acids 1-740 
linked to amino acids 1649 to 2332 by at least 3 amino acid residues. Therefore, variants, 
5 derivatives, modifications and complexes of Factor VIII are well known in the art, and are 
encompassed in the present invention. 

Expression systems for the production of Factor VIII are well known in the art, and 
include prokaryotic and eukaryotic cells, as exemplified in U.S. Patent Nos. 5,633,150, 
5,804,420, and 5,422,250. 
1 0 To determine the biological activity of a Factor VIII molecule synthesized according 

the methods of the present invention, the skilled artisan will recognize that the assays 
described herein for the evaluation of Factor VII and Factor IX are applicable to Factor VIII. 

N. Urokinase 

1 5 The present invention also includes a method for the remodeling and/or modification 

of urokinase. Urokinase is a serine protease which activates plasminogen to plasmin. The 
protein is synthesized in a variety of tissues including endothelium and kidney, and is 
excreted in trace amounts into urine. Purified urokinase exists in two active forms, a high 
molecular weight form (HUK; approximately 50 kDa) and a low molecular weight form 

20 (LUK; approximately 30 kDa). LUK has been shown to be derived from HUK by a 

proteolysis after lysine 135, releasing the first 135 amino acids from HUK. Conventional 
wisdom has held that HUK or LUK must be converted to proteolytically active forms by the 
proteolytic hydrolysis of a single chain precursor, also termed prourokinase, between lysine 
158 and isoleucine 159 to generate a two-chain activated form (which continues to 

25 correspond to either HUK or LUK). The proteolytically active urokinase species resulting 
from this hydrolytic clip contains two amino acid chains held together by a single disulfide 
bond. The two chains formed by the activation clip are termed the A or Ai chains (HUK or 
LUK, respectively), and the B chain comprising the protease domain of the molecule. 

Urokinase has been shown to be an effective thrombolytic agent. However, since it is 

30 produced naturally in trace quantities the cost of the enzyme is high for an effective dosage. 
Urokinase has been produced in recombinant cell culture, and DNA encoding urokinase is 
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2 peptides 

A and A' - N-linked sites 
B - O-linked sites 



^ uc )i /([GlcNAc«. (Sia^ - (R) v ]^ 

GlcNAc-GlcNAc-Man M[GlcNAc-(Gal) b ] f -(Sia) k - (R) w ] $ 
Ns Mai ^ ([GlcNAc-(Gal) J g - (Sia), - (R) x ) ( 
^ x ([GlcNAc-(Gal) d ] h - (Sia) m - (R) y ]^ 



B 



^(Sia) 0 

-GalNAc-(Gal) n -(Sia) - (R). 



(Fuc), 

-GlcNAc-GlcNAd 

I 

(R')„ 



r 



-Man 



/ 



Man— [Man]^ 



\ , [Man]^ 

Man v 

x [Man] 0 . 2 

J/bb 



Alternate stnicture 
for some N-linked 
structures of A. 



a-d, i, n-u (independently selected) = 0 or 1. 
aa, bb (independently selected) = 0 or 1. 
e-h (independently selected) = 0 to 6. 
j-m (independently selected) = 0 to 20. 
v-z = 0; R = polymer, glycoconjugate. 

FIG. 42A 
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CHO, BHK, 293s cells, Vero, MDCK, HEKC expressed 

Factor VIH. 
e-h = 1 to 4; 

aa, bb, a-d, j-m, i, n-u (independently selected) = 0 or 1; 
v-z = 0. 


I 1. Sialidase 

1 2. CMP-SA-PEG, ST3Gal3 




e-h = 1 to 4; 

aa, bb, a-d, i, n, q-u (independently selected).= 0 or 1;. 
o, p, z = 0; j-m, v-y (independently selected) = 0 or 1; 
R = PEG. 


FIG. 42B 




CHO, BHK, 293S cells, Vero, MDCK, 293S, HEKC 

expressed Factor VIII. 
e-h = 1 to 4; 

aa, bb, a-d, j-m, i, n-u (independently selected) = 0 or 1; 
v-z = 0. 


• 1. Sialidase 

1 2. CMP-SA-PEG, ST3Gal3 
▼ 3.ST3Gall,CMP-SA 




e-h = 1 to 4; 

aa, bb, a-d, i, n, p-u (independently selected) = 0 or 1; 
o, z = 0; j-m, v-y (independently selected) = 0 or 1; 
R = PEG. 



FIG. 42C 
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CHO, BHK, 293s cells, Vero, MDCK, HEKC 

expressed Factor VIII. 
e-h = 1 to 4; 

aa, bb, a-d, j-m, i, n-u (independently selected)=0 or 1; 
v-z = 0. 



1 



1. CMP-SA-PEG, ST3Gal3 



e-h = 1 to 4; 

aa, bb, a-d, i, n-u (independently selected) = 0 or 1; 
z = 0; j-m, v-y (independently selected) = 0 or 1 ; 
R = PEG. 



FIG. 42D 



CHO, BHK, 293S cells, Vera, MDCK, HEKC 

expressed Factor VIII. 
e-h = 1 to 4; 

aa, bb, a-d, j-m, i, n-u (independently selected) 0 or 1; 
v-z = 0. 



I 



1. CMP-SA-PEG, ST3Gall 



e-h= 1 to 4; 

aa, bb, a-d, i, n-u (independently sWected) = 0 or 1; 
z = 0; j-m, v-y (independently selected) = 0 or 1 ; 
R = PEG. 



FIG. 42E 
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CHO, BHK, 293S cells, Vero, MDCK, HEKC 

expressed Factor VIII. 
e-h = 1 to 4; 

aa, bb, a-d, j-m, i, n-u (independently selected)=0 or 1; 
v-z = 0. 



j 1. CMP-SA-PEG, a2,8-ST 
e-h = 1 to 4; 

aa, bb, a-d, i, n-y (independently selected) = 0 or 1; 
z = 0; j-m (independently selected) = 0 to 2; 
v-y (independently selected) = 1, 
when j-m (independently selected) is 2; 
R = PEG. 



FIG. 42F 
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2 peptides 

A ©r A 9 - N-linked sites 
B - O-linked sites 
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Alternate structure 
y for some N-linked 
structures of A. 



cc 



a-d, i, n-u, (independently selected) = 0 or 1. 
aa, bb, cc, dd (independently selected) = 0 or 1. 
e-h (independently selected) = 0 to 6. 
j-m (independently selected) = 0 to 20. 
v-z = 0; 

R = modifying group, mannose, oligo-mannose. 
R' = H, glycosyl residue, modifying group, . 
glycoconjugate. 



FIG. 42G 
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CHO, BHK, 293S cells, Vero, MDCK, HEKC 

expressed Factor VIII. 
e-h = 1 to 4; 

aa, bb, cc, a-d, j-m, i, n-u (independently selected) = 0 or 1; 
dd, v-z = 0. 



I 1 . CMP-SA-levulinate, ST3Gal3, 
{ 2.H 4 N 2 -PEG 

e-h= 1 to 4; 

aa, bb, cc, a-d, i, n-u (independently selected) = 0 or 1; 
dd, z = 0; j-m, v-y (independently selected) = 0 or 1 ; 
R = PEG. 



FIG. 42H 



CHO, BHK, 293S cells, Vero, MDCK, HEKC 

expressed Factor VIII. 
e-h = 1 to 4; 

aa, bb, cc, a-d, j-m, i, n-u (independently selected) = 0 or 1; 
dd, v-z = 0. 



l 



1. endo-H 

2. galactosyltransferase, UDP-Gal-PEG 



e-h= 1 to 4; 

aa, bb, dd, a-d, i, j-u (independently selected) = 0 or 1; 
cc, v-z = 0; R 1 = -Gal-PEG. 



FIG. 421 
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CHO.BHK, 293S cells, Vera, MDCK, HEKC 

expressed Factor VIII. 
e-h = 1 to 4; 

aa, bb, cc, a-d, j-m, i, n-u (independently selected) = 0 or 1 ; 
dd, v-z - 0. 



l.ST3Gal3,CMP-SA 



3. galactosyltrans ferase, UDP-Gal-PEG 
e-h = 1 to 4; 

aa, bb, dd, a-d, i, j-u (independently selected) = 0 or 1; 
cc,v-z = 0; R' = -Gal-PEG. 



CHO, BHK, 293S cells, Vera, MDCK, HEKC 

expressed Factor VIII. 
e-h = 1 to 4; 

aa, bb, cc, a-d, j-m, i, n-u (independently selected) = 0 or 1; 
dd,v-z = 0. 



1. mannosidases 



I 2. GNT 1 & 2, UDP-GlcNAc 

3. galactosyltransferase, UDP -Gal-PEG 

e-h = 1 to 4; 

aa, a-d, i, j-y (independently selected) = 0 or 1; 
bb, cc, dd, z = 0; R - PEG. 




FIG. 42J 



FIG. 42K 
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CHO, BHK, 293S cells, Vero, MDCK, HEKC 

expressed Factor VIII. 
e-h = 1 to 4; 

aa, bb, cc, a-d, j-m, i, n-u (independently selected) = 0 or 1 ; 
dd, v-z = 0. 



1. mannosidases 
I 2. GNT-1,2, 4 & 5; UDP-GlcNAc 
T 3. galactosyltransferase, UDP-Gal 

4. ST3Gal3, CMP-SA 

e-h = 1 to 4; 

aa, bb, cc, a-d, i, j-q (independently selected) = 0 or 1 ; 
* dd, v-z = 0. 



FIG. 42L 



CHO, BHK, 293S cells, Vero, MDCK, HEKC 

expressed Factor VIII. 
e-h = 1 to 4; 

aa, bb, cc, a-d, j-m, i, n-u (independently selected) = 0 or 1 ; 
dd, v-z = 0. 



1. mannosidases 
| 2. GNT- 1 , UDP-GlcNAc-PEG 



e-h = 0 to 4; 

aa, a-d, i, j-y (independently selected) = 0 or 1 ; 
bb, cc, dd, z = 0. 



FIG. 42M 



